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
,QIRUPDWLRQ RQ FDQRS\ FKHPLFDO FRQFHQWUDWLRQV LV RI JUHDW
LPSRUWDQFH IRU WKH VWXG\ RI QXWULHQW F\FOLQJ SURGXFWLYLW\
DQG IRU LQSXW WR HFRV\VWHP SURFHVV PRGHOV ,Q SDUWLFXODU
IROLDU &DUERQ WR 1LWURJHQ UDWLR &1 GULYHV WHUUHVWULDO
ELRJHRFKHPLFDO SURFHVVHV VXFK DV GHFRPSRVLWLRQ DQG
PLQHUDOL]DWLRQ DQG WKXV VWURQJO\ LQIOXHQFHV VRLO RUJDQLF
PDWWHU FRQFHQWUDWLRQV DQG WXUQRYHU UDWHV 7KLV VWXG\
HYDOXDWHGWKHHIIHFWVRIXVLQJVSDWLDOHVWLPDWHVRIIROLDU&1
GHULYHG IURP K\SHUVSHFWUDO UHPRWH VHQVLQJ IRU VLPXODWLQJ
133E\PHDQVRIWKHHFRV\VWHPSURFHVVPRGHO%LRPH%*&
7KHPDLQ REMHFWLYHV RI WKLV VWXG\ZHUH WR FDOLEUDWH VSDWLDO
VWDWLVWLFDO PRGHOV IRU WKH SUHGLFWLRQ RI IROLDU &1 IRU
JUDVVODQG KDELWDWV DW WKH UHJLRQDO VFDOH XVLQJ DLUERUQH
+\0DSK\SHUVSHFWUDOGDWDWRXVHWKHIROLDU&1SUHGLFWLRQV
DV LQSXW WR WKH HFRV\VWHP SURFHVV PRGHO %LRPH%*& DQG
GHULYH133HVWLPDWHVDQGILQDOO\WRFRPSDUHWKHVHUHVXOWVWR
133HVWLPDWHVGHULYHGXVLQJ&1YDOXHUHSRUWHGLQOLWHUDWXUH
DQG GHULYHG IURP ILHOG PHDVXUHPHQWV 5HVXOWV IURP WKLV
UHVHDUFK LQGLFDWH WKDW 133 HVWLPDWHV XVLQJ WKH +\0DS
SUHGLFWHG &1 GLIIHUHG VLJQLILFDQWO\ IURP WKRVH ZKHQ &1
YDOXHVIURP³JOREDO´RU³UHJLRQDO´PHDVXUHPHQWVZHUHXVHG
([WHQGLQJWKHFXUUHQWUHVHDUFKWREURDGHUVSDWLDOVFDOHVFDQ
KHOS WR LQLWLDOLVH YDOLGDWH DQG DGMXVW EHWWHU HFRORJLFDO
SURFHVVPRGHOV

,QGH[7HUPV²(FRV\VWHPSURFHVVPRGHOK\SHUVSHFWUDO
UHPRWHVHQVLQJ&1UDWLR%LRPH%*&JUDVVODQGV

,1752'8&7,21

8QGHUVWDQGLQJ WKH HIIHFWV RI QDWXUDO DQG DQWKURSRJHQLF
FKDQJHV RQ RXU HQYLURQPHQW UHTXLUHV DFFXUDWH HVWLPDWHV RI
QHW SULPDU\ SURGXFWLYLW\ 133 RI WHUUHVWULDO  HFRV\VWHPV
DORQJZLWKLQIRUPDWLRQRQLWVVSDWLDODQGVHDVRQDOYDULDELOLW\
>@ )RU 133 HVWLPDWHV XQGHU SDVW DQG IXWXUH FOLPDWH
VFHQDULRV DQG RYHU UHJLRQDO RU JOREDO VFDOHV VLPXODWLRQ
PRGHOV DUH UHTXLUHG >@ (FRV\VWHP SURFHVV PRGHOV DUH
VLPSOLILHG YHUVLRQV RI UHDOLW\ WKDW VLPXODWH ZDWHU FDUERQ
QXWULHQW F\FOHV DQG WKH ORFDWLRQ RI  JOREDO FDUERQ VRXUFHV
DQG VLQNV XQGHU FXUUHQW DQG KLVWRULFDO FOLPDWH >@ 6XFK
PRGHOVUHTXLUHGDWDWRSDUDPHWHULVHWKHPGULYHWKHPDQGLI
SRVVLEOHYDOLGDWHWKHP>@2YHUUHJLRQDODQGJOREDOVFDOHV
UHPRWH VHQVLQJ SURYLGHV WKH RQO\ SUDFWLFDO VRXUFH RI VXFK
LQIRUPDWLRQ>@
6HYHUDO VWXGLHV H[LVW ZKHUH NH\ VWUXFWXUDO DQG
SK\VLRORJLFDO SDUDPHWHUV HVWLPDWHG IURP UHPRWH VHQVLQJ
GDWDZHUHXVHGDVLQSXWVWRHFRV\VWHPSURFHVVPRGHOV7KHVH
SDUDPHWHUV ZHUH /$, DERYHJURXQG ELRPDVV $3$5 DQG
ODQGXVH FODVVLILFDWLRQV >@ +RZHYHU DQRWKHU LPSRUWDQW
SDUDPHWHUWKDWFRQWUROVWHUUHVWULDOELRJHRFKHPLFDOSURFHVVHV
LVIROLDUFDQRS\FKHPLVWU\>@,QSDUWLFXODUIROLDU&DUERQ
WR 1LWURJHQ UDWLR GULYHV ELRJHRFKHPLFDO SURFHVVHV VXFK DV
GHFRPSRVLWLRQ DQG PLQHUDOL]DWLRQ VWURQJO\ LQIOXHQFLQJ VRLO
RUJDQLFPDWWHU FRQFHQWUDWLRQV DQG WXUQRYHU UDWHV<HW&1
YDOXHVXVHGDV LQSXW WRHFRV\VWHPPRGHOVDUHGHULYHGIURP
PHDQ YDOXHV RI JOREDO SRLQW PHDVXUHPHQWV VFUHHQHG
WKURXJKRXWWKHOLWHUDWXUH*LYHQWKHLPSRUWDQFHRIIROLDU&1
IRU WHUUHVWULDO FDUERQ F\FOLQJ WKHUH LV D QHHG IRU VSDWLDOO\
H[SOLFLW GDWD WR EH FRXSOHGZLWK HFRV\VWHPSURFHVVPRGHOV
IRUDEHWWHU LQVLJKWRQWKHVSDWLDOSDWWHUQRIELRJHRFKHPLFDO
SURFHVVHV
+\SHUVSHFWUDO UHPRWH VHQVLQJ VHQVRUV RIIHU WKH
SRWHQWLDO WR HVWLPDWH IROLDU ELRFKHPLVWU\ >@ 7KH FXUUHQW
VWXG\HYDOXDWHVWKHHIIHFWVRIXVLQJVSDWLDOHVWLPDWHVRIIROLDU
&1 GHULYHG IURP K\SHUVSHFWUDO UHPRWH VHQVLQJ IRU
VLPXODWLQJ 133 RI JUDVVODQGV E\ PHDQV RI WKH HFRV\VWHP
SURFHVV PRGHO %LRPH%*& 7KH PDLQ REMHFWLYHV RI WKLV
VWXG\DUHWRFDOLEUDWHVWDWLVWLFDOPRGHOVIRUWKHSUHGLFWLRQRI
JUDVVODQG IROLDU &1 DW WKH UHJLRQDO VFDOH XVLQJ DLUERUQH
+\0DSK\SHUVSHFWUDOGDWDWRXVHWKHIROLDU&1SUHGLFWLRQV
DV LQSXW WR WKH HFRV\VWHP SURFHVV PRGHO %LRPH%*& WR
GHULYH133 HVWLPDWHV DQG WR FRPSDUH WKHVH UHVXOWV WR133
HVWLPDWHV GHULYHG XVLQJ &1 YDOXHV IURP ³JOREDO´ RU
³UHJLRQDO´ILHOGPHDVXUHPHQWV
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
6WXG\DUHD

7KHVWXG\DUHDZDV ORFDWHG LQWKH&HQWUDOSDUWRI WKH6ZLVV
3ODWHX ¶ ( ¶1 *UDVVODQG VDPSOHV ZHUH
FROOHFWHGIURPIRXUFKDUDFWHULVWLFJUDVVODQGW\SHVSUHYLRXVO\
PDSSHG LQ D QDWLRQDO PDSSLQJ FDPSDLJQ >@ 7KHVH IRXU
VHPLQDWXUDO JUDVVODQG W\SHV KDG GLIIHUHQFHV LQ VSHFLHV
FRPSRVLWLRQ DQG QXWULHQW DYDLODELOLW\ WKXV HQDEOLQJ WKH
FROOHFWLRQRIDZLGHUUDQJHRIIROLDUFKHPLVWU\VDPSOHV7KH
PDLQ PDQDJHPHQW SUDFWLFH RQ WKH JUDVVODQGV LQ WKH VWXG\
DUHDLVSURGXFWLRQRIKD\DQGYHU\IHZDUHXVHGDVSDVWXUHV

)LHOGVDPSOLQJODERUDWRU\DQDO\VHV

7R GHWHUPLQH IROLDU & DQG 1 FRQFHQWUDWLRQV JUDVVODQG
VDPSOHV ZHUH FROOHFWHG RQ  SORWV RQH GD\ DIWHU WKH
K\SHUVSHFWUDO LPDJHDFTXLVLWLRQ7KHVDPSOLQJSORWVKDGDQ
DUHD RI [ PHWHUV DQG ZHUH KRPRJHQRXV LQ VSHFLHV
FRPSRVLWLRQ DQG FRYHU *UDVVODQG VDPSOHV IURP VHYHUDO
UDQGRPO\ VHOHFWHG VSRWVZLWKLQ HDFK SORWZHUH FOLSSHG DQG
FROOHFWHG LQ SDSHU EDJV IRU ODERUDWRU\ DQDO\VLV 6DPSOHV
ZHUHGULHGLQWKHRYHQDW&IRUKWKHQJURXQGWRSRZGHU
DQG LQMHFWHG LQWR DQ HOHPHQWDO DQDO\VHU 1$  &(
,QVWUXPHQWV,WDO\WRPHDVXUH&DQG1IROLDUFRQFHQWUDWLRQV

+\SHUVSHFWUDOLPDJHDFTXLVLWLRQDQGSURFHVVLQJ

,PDJLQJ VSHFWURPHWHU GDWD ZHUH UHFRUGHG RYHU WKH VWXG\
DUHD RQ WKH WK -XO\  XVLQJ+\9LVWD¶V +\SHUVSHFWUDO
0DSSLQJ ,PDJLQJ 6SHFWURPHWHU +\0DS 7KH +\0DS
VHQVRUZDVIORZQDWDQDOWLWXGHRIPDQGDFTXLUHGGDWD
LQ  ZDYHEDQGV IURP  WR  QP ZLWK D VSHFWUDO
UHVROXWLRQRI±QP2QH[NPVFHQHZDVDFTXLUHG
ZLWK VSDWLDO UHVROXWLRQ RI  P +\0DS DWVHQVRU UDGLDQFH
ZDV WUDQVIRUPHG WR DSSDUHQW VXUIDFH UHIOHFWDQFH XVLQJ WKH
$7&25VRIWZDUHDQG WKH LPDJLQJVSHFWURPHWHUGDWDZHUH
RUWKRUHFWLILHGEDVHGRQWKHSDUDPHWULFJHRFRGLQJSURFHGXUH
3$5*( >@ &RQWLQXXP UHPRYDO WUDQVIRUPDWLRQ >@  ZDV
DSSOLHGRQ WKH+\0DSVXUIDFHUHIOHFWDQFHGDWDVLQFH LWZDV
VKRZQWR LPSURYHHVWLPDWLRQRIELRFKHPLFDOFRQFHQWUDWLRQV
IURPK\SHUVSHFWUDOUHPRWHVHQVLQJGDWD>@)LQDOO\WKH
SRLQWPDSZLWK WKH*36FHQWUHFRRUGLQDWHVRIWKHVDPSOLQJ
SORWVZDVRYHUODLGRQWKH+\0DSLPDJHDQGDUHIOHFWDQFH
VSHFWUDDQGEFRQWLQXXPUHPRYHGUHIOHFWDQFHVSHFWUDZHUH
H[WUDFWHGIRUWKHVDPSOLQJSORWV

(VWLPDWLRQRIIROLDU1FRQFHQWUDWLRQ

3DUWLDO OHDVW VTXDUHV 3/6 UHJUHVVLRQZDVXVHG WRFDOLEUDWH
VWDWLVWLFDOPRGHOVIRUHVWLPDWLQJIROLDU1FRQFHQWUDWLRQIURP
K\SHUVSHFWUDO UHIOHFWDQFH >@ 5HJUHVVLRQ DQDO\VLV ZDV
SHUIRUPHG EHWZHHQ WKH IROLDU 1 FRQFHQWUDWLRQV
PHDVXUHPHQWV DQG D WKH UHIOHFWDQFH VSHFWUD DQG E WKH
FRQWLQXXPUHPRYHGUHIOHFWDQFHVSHFWUDH[WUDFWHGIRUWKH
VDPSOLQJ SORWV $ IROG FURVVYDOLGDWLRQ SURFHGXUH ZDV
XVHGWRVHOHFWWKHRSWLPDOQXPEHURI3/6IDFWRUYDULDEOHVWR
EH XVHG LQ WKH UHJUHVVLRQ PRGHOV >@ 2QFH WKH RSWLPDO
QXPEHU RI 3/6 IDFWRU YDULDEOHV ZHUH VHOHFWHG WKH PRGHO
ZDV DSSOLHG RQ D [.P VXEVHW RI WKH+\0DS VFHQH
ZKHUHIRUHVWLPSHUYLRXVDQGRWKHUQRQJUDVVODQGDUHDVZHUH
PDVNHGRXW WRGHULYHVSDWLDOSUHGLFWLRQVRIJUDVVODQGIROLDU
1FRQFHQWUDWLRQV

(FRV\VWHPSURFHVVPRGHOSDUDPHWHUL]DWLRQ

133 HVWLPDWHV IRU WKH VWXG\ DUHDZHUH VLPXODWHG XVLQJ WKH
%LRPH±%*&HFRV\VWHPSURFHVVPRGHO%LRPH%*&>@LV
D GHWHUPLQLVWLF SURFHVVEDVHG HFRV\VWHP PRGHO WKDW
VLPXODWHVDERYHDQGEHORZJURXQGGDLO\ VWRUDJHDQGIOX[HV
RIFDUERQQLWURJHQDQGZDWHURIYDULRXVWHUUHVWULDOELRPHV
%LRPH%*& ZDV DSSOLHG LQ D VSDWLDOO\ GLVWULEXWHG PRGH
LHFHOOE\FHOODWWKHPUHVROXWLRQRIWKH+\0DSSL[HO
)RU HDFK [ P SL[HO GDLO\ PHWHRURORJLFDO GDWD
HFRSK\VLRORJLFDO H[FHSW &1 UDWLR LQ OLYH IROLDU DQG
DOORPHWULFYDULDEOHVZHUHKHOGFRQVWDQW IRU WKHZKROHVWXG\
DUHD 'DLO\ PHWHRURORJLFDO GDWD IRU WKH VWXG\ DUHD ZHUH
JHQHUDWHGZLWK07&/,0>@XVLQJPHDVXUHPHQWVRID
FORVHE\ PHWHRURORJLFDO VWDWLRQ IRU WKH \HDUV 
,QSXW HFRSK\VLRORJLFDO SDUDPHWHUV ZHUH EDVHG RQ WKH
OLWHUDWXUHUHYLHZE\:KLWHHWDO>@6RLOSURSHUWLHVUHTXLUHG
IRUPRGHO LQLWLDOLVDWLRQ LH VDQG VLOW DQG FOD\ SHUFHQWDJH
E\ YROXPH RI URFNIUHH VRLO ZHUH DYDLODEOH LQ D VSDWLDOO\
H[SOLFLWIRUP
 ,Q WKLV VWXG\ WKUHH IROLDU &1 UDWLR VFHQDULRV ZHUH
DSSOLHG )LUVW WKH ³*OREDO &1´ VFHQDULR ZKHUH WKH &1
YDOXHLH&1*/2 ZDVEDVHGRQWKHOLWHUDWXUHUHYLHZ
E\:KLWH HW DO >@ 6HFRQG WKH³5HJLRQDO &1´ VFHQDULR
ZKHUHWKH&1YDOXHLH&15(* ZDVWKHPHDQRI
WKH&1YDOXHVPHDVXUHGDWWKHVDPSOLQJSORWV7KLUGWKH
³+\0DS &1´ VFHQDULR ZKHUH WKH &1 YDOXHV ZHUH WKH
UHVXOWRIDFRQVWDQW&&17YDOXHLHPHDQ&YDOXHPHDVXUHG
DW WKH  VDPSOLQJ SORWV &&17    DQG WKH 1
SUHGLFWLRQV RI WKH +\0DS 3/6 UHJUHVVLRQ PRGHO IRU WKH
VWXG\DUHD&1YDOXHVIRUWKH³*OREDO&1´DQG³5HJLRQDO
&1´ VFHQDULRVZHUHFRQVWDQW IRUHYHU\[PSL[HOZLWKLQ
WKHVWXG\DUHD2QWKHFRQWUDU\&1YDOXHVIRUWKH³+\0DS
&1´ZHUHVSDWLDOO\H[SOLFLWDQGGLIIHUHGIRUHYHU\SL[HO
 2QFH WKH LQSXW SDUDPHWHUVZHUH HVWDEOLVKHG D VSLQXS
UXQ RI WKH %LRPH%*& PRGHO ZDV SHUIRUPHG XQWLO
HTXLOLEULXP EHWZHHQ OHYHOV RI QHW HFRV\VWHP FDUERQ
H[FKDQJH ZHUH UHDFKHG )URP WKDW VWDWH DQRWKHU UXQ ZDV
SHUIRUPHG WR VLPXODWH GDLO\ FDUERQ H[FKDQJHSURFHVVHV IRU
WKH SHULRG  DQG HVWLPDWHV RI \HDUO\ 133 RI WKH
VWXG\DUHDZHUHGHULYHG7RFRPSDUHWKHGLIIHUHQW&1UDWLR
VFHQDULRVZHUDQGRPO\VHOHFWHGSL[HOVDQGH[WUDFWHGWKH
%LRPH%*& 133 HVWLPDWLRQV IRU HDFK VFHQDULR :H WKHQ
SHUIRUPHG DSDLUHG WWHVWEHWZHHQ WKH133YDOXHV WRFKHFN
IRUVWDWLVWLFDOVLJQLILFDQWGLIIHUHQFHV
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5(68/76

'HVFULSWLYH VWDWLVWLFV RI IROLDU 1 DQG & FRQFHQWUDWLRQ
IURP WKH JUDVVODQG VDPSOHV FROOHFWHG DW WKH  SORWV DUH
UHSRUWHG LQ 7DEOH  +LJK YDULDELOLW\ LV REVHUYHG IRU 1
FRQFHQWUDWLRQ UHIOHFWLQJ WKH GLIIHUHQFHV LQ QXWULHQW
DYDLODELOLW\DPRQJWKHGLIIHUHQWJUDVVODQGW\SHVVDPSOHG

7DEOH  6XPPDU\ VWDWLVWLFV RI PHDVXUHG IROLDU ELRFKHPLFDO
FRQFHQWUDWLRQVDWJUDVVODQGSORWVDWWKHVWXG\DUHD
  'U\:HLJKW
 Q 0HDQ 6WGHY 0LQ 0D[ 5DQJH
)ROLDU1
FRQFHQWUDWLRQ      
)ROLDU&
FRQFHQWUDWLRQ      

5HVXOWVIURPWKH3/6UHJUHVVLRQPRGHOOLQJXVLQJ+\0DS
D UHIOHFWDQFH VSHFWUD DQG E FRQWLQXXPUHPRYHG
UHIOHFWDQFH VSHFWUD ZLWK JUDVVODQG IROLDU 1 VDPSOHV
LQGLFDWHG WKDW UHJUHVVLRQ PRGHOV GHYHORSHG IURP +\0DS
FRQWLQXXPUHPRYHGUHIOHFWDQFHZHUHFRQVLVWHQWO\EHWWHUWKDQ
PRGHOV GHYHORSHG IURP DEVROXWH UHIOHFWDQFH VSHFWUD 7KH
RSWLPDO3/6PRGHOIRUSUHGLFWLQJIROLDU1FRQFHQWUDWLRQZDV
WKHRQHZLWKIRXUIDFWRUV7KLVPRGHODFFRXQWHGIRU
RI WKHREVHUYHGYDULDWLRQ LQ WKH1GDWDZKLOH LWSURGXFHGD
FURVVYDOLGDWHG1SUHGLFWLRQHUURU&9506(RI1
'U\:HLJKW7KHUHIRUHWKLVPRGHOZDVVHOHFWHGWRSUHGLFW
JUDVVODQGIROLDU1FRQFHQWUDWLRQVDFURVVWKHZKROHH[WHQWRI
RXUVWXG\DUHD

)LJXUH 'LVWULEXWLRQ RI &1 UDWLR YDOXHV IRU WKH VWXG\ DUHD
&1 UDWLR ZDV FDOFXODWHG XVLQJ D FRQVWDQW FDUERQ FRQFHQWUDWLRQ
&&17    DQG WKH QLWURJHQ FRQFHQWUDWLRQ SUHGLFWLRQV RI WKH
+\0DSIRXUIDFWRU3/6UHJUHVVLRQPRGHO

8VLQJ D FRQVWDQW FDUERQ FRQFHQWUDWLRQ LH &&17  
DQGWKHSUHGLFWHGIROLDU1FRQFHQWUDWLRQRIWKHIRXU
IDFWRU 3/6 PRGHO &1 UDWLR IRU HYHU\ [ P SL[HO ZDV
FDOFXODWHG'LVWULEXWLRQ RI WKH&1 YDOXHV DFURVV WKH VWXG\
DUHD DUH SUHVHQWHG LQ )LJXUH  2YHUDOO &1 YDOXHV ZHUH
ORZHUWKDQWKH5HJLRQDO&1LH&15(* 

)LJXUH0HDQVWGGHY %LRPH%*&133HVWLPDWHVIRU
WKH ZKROH VWXG\ DUHD XVLQJ WKH GLIIHUHQW &1 VFHQDULRV 133
HVWLPDWHV DUH IRU WKH \HDU  DQG GLIIHUHQW OHWWHUV UHSUHVHQW D
VLJQLILFDQW GLIIHUHQFH EHWZHHQ PHDQ 133 HVWLPDWHV RI WKH WKUHH
&1VFHQDULRVFDOFXODWHGIURPSDLUHGWWHVWVDWS 

(YHQ WKRXJK %LRPH%*& 133 HVWLPDWHV FRYHUHG WKH
SHULRGFRPSDULVRQRIWKH&1VFHQDULRVLVGRQH
XVLQJ WKH UHVXOWV RI VLQFHRYHUDOO133HVWLPDWHVZHUH
UHSUHVHQWDWLYHIRUWKLV\HDUSHULRG(IIHFWVRIWKHGLIIHUHQW
&1VFHQDULRVRQWKHPHDQ133HVWLPDWHVIRUWKHVWXG\DUHD
DUHVXPPDUL]HGLQ)LJXUH5HVXOWVGHPRQVWUDWHGLQFUHDVLQJ
133 YDOXHV ZLWK ORZHVW PHDQ HVWLPDWHV SURGXFHG E\ WKH
*OREDO&1 VFHQDULR J&P\HDU7KH5HJLRQDO&1
DQG+\0DS&1VFHQDULRVSURGXFHGPHDQ133RIDQG
 J&P\HDU UHVSHFWLYHO\ 6WDWLVWLFDO DQDO\VHV RI WKHVH
UHVXOWV UHYHDOHG VLJQLILFDQW GLIIHUHQFHV EHWZHHQ 133
HVWLPDWHV RI DOO WKH GLIIHUHQW &1 VFHQDULRV )XUWKHUPRUH
UHVXOWV LQGLFDWHG WKDWPRUHWKDQRIWKHWRWDOVWXG\DUHD
KDG KLJKHU 133 HVWLPDWHV ZLWK D PHDQ LQFUHDVH RYHU WKH
ZKROH VWXG\ DUHDRI J&P\HDUZKHQ WKH+\0DS&1
VFHQDULR ZDV XVHG DV LQSXW WR WKH %LRPH%*& PRGHO
FRPSDUHGWRWKH*OREDO&1VFHQDULR

)LJXUH1HWSULPDU\SURGXFWLYLW\J&P\HDURIJUDVVODQGV
HVWLPDWHG IRU WKH VWXG\ DUHD ZLWK WKH %LRPH%*& HFRV\VWHP
SURFHVVPRGHOXVLQJWKH+\0DSGHULYHGVSDWLDOO\H[SOLFLWHVWLPDWHV
RI&1UDWLR

8VH RI WKH WKUHH VFHQDULRV KDG D FRQVLGHUDEOH HIIHFW RQ
WKHUDQJHRI133YDOXHVDFURVVWKHVWXG\DUHD,QSDUWLFXODU
WKH UDQJHRI YDOXHV IRU WKH*OREDO&1  DQG5HJLRQDO&1
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VFHQDULRVZDVOLPLWHGIURPDQGJ&P\HDUWR
DQGJ&P\HDUUHVSHFWLYHO\2QWKHFRQWUDU\XVHRIWKH
+\0DS &1  VFHQDULR DV LQSXW WR WKH %LRPH%*& PRGHO
SURGXFHGDPXFKZLGHUH[WHQWRI133HVWLPDWHVWKDWUDQJHG
IURP  WR  J&P\HDU GHPRQVWUDWLQJ ILQH VFDOH
YDULDWLRQDORQJWKHZKROHH[WHQWRIWKHVWXG\DUHD)LJXUH

',6&866,21$1'&21&/86,216

)LQGLQJRIWKLVVWXG\VKRZHGWKDW133HVWLPDWHVGLIIHUHG
VLJQLILFDQWO\ZKHQVSDWLDOSUHGLFWLRQVRIIROLDU&1FRQWUDU\
WR VLQJOH &1 YDOXHV UHSUHVHQWLQJ LQGLYLGXDO FRYHU FODVVHV
ZHUH XVHG DV LQSXW WR DQ HFRV\VWHP SURFHVV PRGHO )LQH
VFDOH SUHGLFWLRQV IRU WKH VWXG\ DUHD LQGLFDWHG DQ RYHUDOO
ORZHUPHDQ&1 YDOXH FRPSDUHG WR YDOXHV UHSRUWHG LQ WKH
OLWHUDWXUH >@ 7KHVH GLIIHUHQFHV ZHUH GXH WR KLJKO\
SURGXFWLYHJUDVVODQGVDQGVRPHDJULFXOWXUDODUHDVZLWKLQWKH
VWXG\DUHDWKDWKDGKLJKIROLDU1FRQFHQWUDWLRQV WKXVORZHU
&1 YDOXHV )ROLDU 1 LV GLUHFWO\ OLQNHG WR WKH SURFHVV RI
SKRWRV\QWKHVLV>@ZKLOHIROLDU&1ZLWKLQWKH%LRPH%*&
PRGHO GHWHUPLQHV IDFWRUV OLNH WKH QLWURJHQ UHTXLUHG WR
FRQVWUXFWOHDYHV/$,WKHDPRXQWRIQLWURJHQDYDLODEOHIRU
SKRWRV\QWKHWLFPDFKLQHU\DQGWKHOHDIUHVSLUDWLRQUDWHV>@
7KHUHIRUHXVHRIWKHRYHUDOOORZHUVSDWLDOHVWLPDWHVRIIROLDU
&1GHULYHG IURPK\SHUVSHFWUDO UHPRWH VHQVLQJ UHVXOWHG LQ
KLJKHUPHDQ133HVWLPDWHVIRUWKHVWXG\DUHD
$GGLWLRQDOO\ PDSV RI ILQHVFDOH YDULDWLRQ LQ IROLDU &1
FRQFHQWUDWLRQVKDGDVXEVHTXHQWHIIHFWRQWKHUDQJHRI133
HVWLPDWHV DFURVV WKH VWXG\ DUHD )LJ :KLOH WKH OLPLWHG
YDULDELOLW\ RI133 XVLQJ WKH*OREDO&1 DQG WKH5HJLRQDO
&1 VFHQDULRVFDQEHDWWULEXWHGWRVPDOOGLIIHUHQFHVLQVRLO
SURILOHSDUDPHWHUV WKHZLGHUDQJHRI133HVWLPDWHVIRUWKH
+\0DS&1VFHQDULRZDVGULYHQE\WKHGHWDLOHG&1VSDWLDO
HVWLPDWHV XVHG DV LQSXW WR WKH %LRPH%*& PRGHO 7KHVH
GHWDLOHG133PDSVFDQDVVLVWWRZDUGVDEHWWHUXQGHUVWDQGLQJ
RI VPDOO VFDOH LQWHUDFWLRQV RI ELRJHRFKHPLFDO F\FOHV WKXV
LPSURYLQJ WKH VFDOLQJ RI UHJLRQDO REVHUYDWLRQV WR WKH
ODQGVFDSHVFDOH>@
,Q VXPPDU\ UHVXOWV SUHVHQWHG LQ WKLV VWXG\ GHPRQVWUDWH
WKH LPSRUWDQFH RI XVLQJ VSDWLDO HVWLPDWHV RI IROLDU
ELRFKHPLFDO FRQFHQWUDWLRQ DV LQSXW WR HFRV\VWHP SURFHVV
PRGHOV 5HVXOWV IURP WKLV UHVHDUFK PD\ EH XVHG DV DQ
LQWHUPHGLDWH VWHS LQ UHVROYLQJ WKH FULWLFDO VFDOLQJ LVVXH
UHODWHG WR WKH WDVN RI YDOLGDWLQJ SURGXFWV IURP FRDUVH
UHVROXWLRQ VHQVRUV OLNH 02',6 WR JURXQG PHDVXUHPHQWV
*LYHQ WKH LPSRUWDQFH RI SDUDPHWHUV OLNH &1 UDWLR LQ
WHUUHVWULDO FDUERQ F\FOLQJ DQG WKH DELOLW\ RI K\SHUVSHFWUDO
UHPRWH VHQVLQJ LQ SURYLGLQJ VXFK KLJK DFFXUDF\ SURGXFWV
WKHUH LVDQHHG WRFRXSOHWKHVHWZRV\QHUJLVWLFWHFKQRORJLHV
LQ RUGHU WR LQLWLDOLVH YDOLGDWH DQG DGMXVW EHWWHU HFRORJLFDO
SURFHVVPRGHOV
5()(5(1&(6

>@ 3-&XUUDQ$WWHPSWVWRGULYHHFRV\VWHPVLPXODWLRQPRGHOV
DWORFDOWRUHJLRQDOVFDOHVLQ(QYLURQPHQWDO5HPRWH6HQVLQJIURP
5HJLRQDO WR *OREDO 6FDOHV *0 )RRG\ DQG 3 - &XUUDQ (GV
&KLFKHVWHU:LOH\DQG6RQVSS
>@ 0 $ :KLWH 3 ( 7KRUQWRQ 6 : 5XQQLQJ DQG 5 5
1HPDQL3DUDPHWHUL]DWLRQDQGVHQVLWLYLW\DQDO\VLVRIWKH%,20(±
%*& WHUUHVWULDO HFRV\VWHP PRGHO 1HW SULPDU\ SURGXFWLRQ
FRQWUROV(DUWK,QWHUDFWLRQVYROSS
>@ 6 : 5XQQLQJ 7HVWLQJ )RUHVW%*& HFRV\VWHP SURFHVV
VLPXODWLRQV DFURVV D FOLPDWLF JUDGLHQW LQ 2UHJRQ (FRORJLFDO
$SSOLFDWLRQVYROSS±
>@ 70/LOOHVDQGDQG5:.LHIHU5HPRWHVHQVLQJDQGLPDJH
LQWHUSUHWDWLRQ)RUWKHGLWLRQHG1HZ<RUN86$
>@ '37XUQHU692OOLQJHUDQG-6.LPEDOO,QWHJUDWLQJ
5HPRWH6HQVLQJDQG(FRV\VWHP3URFHVV0RGHOVIRU/DQGVFDSHWR
5HJLRQDO 6FDOH $QDO\VLV RI WKH &DUERQ &\FOH %LR6FLHQFH YRO
SS
>@ & $ :HVVPDQ (VWLPDWLQJ FDQRS\ ELRFKHPLVWU\ WKURXJK
LPDJLQJ VSHFWURPHWU\ LQ ,PDJLQJ 6SHFWURPHWU\  D 7RRO IRU
(QYLURQPHQWDO2EVHUYDWLRQV-+LOODQG-0pJLHU(GV'RUGUHFKW
.OXZHU$FDGHPLF3XEOLVKHUVSS
>@ 6/8VWLQ'$5REHUWV-$*DPRQ*3$VQHUDQG5
2 *UHHQ 8VLQJ ,PDJLQJ 6SHFWURVFRS\ WR 6WXG\ (FRV\VWHP
3URFHVVHVDQG3URSHUWLHV%LR6FLHQFHYROSS
>@ 6 (JJHQEHUJ 7 'DODQJ 0 'LSQHU DQG & 0D\HU
&DUWRJUDSK\ DQG HYDOXDWLRQ RI GU\ JUDVVODQGV VLWHV RI QDWLRQDO
LPSRUWDQFH7HFKQLFDO UHSRUW 6ZLVV$JHQF\ IRU WKH(QYLURQPHQW
)RUHVWVDQG/DQGVFDSH6$()/%HUQH
>@ 5 5LFKWHU DQG ' 6FKODHSIHU *HRDWPRVSKHULF SURFHVVLQJ
RI DLUERUQH LPDJLQJ VSHFWURPHWU\ GDWD 3DUW 
DWPRVSKHULFWRSRJUDSKLF FRUUHFWLRQ ,QWHUQDWLRQDO -RXUQDO RI
5HPRWH6HQVLQJYROSS
>@ 5 1 &ODUN DQG 7 / 5RXVK 5HIOHFWDQFH 6SHFWURVFRS\
4XDQWLWDWLYH $QDO\VLV 7HFKQLTXHV IRU 5HPRWH 6HQVLQJ
$SSOLFDWLRQV-RXUQDORI*HRSK\VLFDO5HVHDUFKYROSS

>@ =+XDQJ % - 7XUQHU 6 - 'XU\ ,5:DOOLV DQG: -
)ROH\ (VWLPDWLQJ IROLDJH QLWURJHQ FRQFHQWUDWLRQ IURP +<0$3
GDWD XVLQJ FRQWLQXXP UHPRYDO DQDO\VLV 5HPRWH 6HQVLQJ RI
(QYLURQPHQWYROSS
>@ 5).RNDO\DQG51&ODUN6SHFWURVFRSLFGHWHUPLQDWLRQ
RI OHDI ELRFKHPLVWU\ XVLQJ EDQGGHSWK DQDO\VLV RI DEVRUSWLRQ
IHDWXUHVDQGVWHSZLVHPXOWLSOHOLQHDUUHJUHVVLRQ5HPRWH6HQVLQJ
RI(QYLURQPHQWYROSS
>@ 3 *HODGL DQG % 5 .RZDOVNL 3DUWLDO OHDVWVTXDUHV
UHJUHVVLRQDWXWRULDO$QDO\WLFD&KLPLFD$FWDYROSS

>@ 3 ( 7KRUQWRQ % ( /DZ + / *KRO] . / &ODUN (
)DOJH ' 6 (OOVZRUWK $ + *ROGVWHLQ 5 . 0RQVRQ '
+ROOLQJHU 0 )DON - &KHQ DQG - 3 6SDUNV 0RGHOLQJ DQG
PHDVXULQJWKHHIIHFWVRIGLVWXUEDQFHKLVWRU\DQGFOLPDWHRQFDUERQ
DQG ZDWHU EXGJHWV LQ HYHUJUHHQ QHHGOHOHDI IRUHVWV  $JULFXOWXUDO
DQG)RUHVW0HWHRURORJ\YROSS±
>@ 3(7KRUQWRQDQG6:5XQQLQJ$QLPSURYHGDOJRULWKP
IRUHVWLPDWLQJLQFLGHQWGDLO\VRODUUDGLDWLRQIURPPHDVXUHPHQWVRI
WHPSHUDWXUH KXPLGLW\DQG SUHFLSLWDWLRQ $JULFXOWXUDO DQG )RUHVW
0HWHRURORJ\YROSS±
>@ 1 6 /XFDV DQG3 -&XUUDQ )RUHVW HFRV\VWHP VLPXODWLRQ
PRGHOOLQJ WKH UROH RI UHPRWH VHQVLQJ 3URJUHVV LQ 3K\VLFDO
*HRJUDSK\YROSS

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